BACKGROUND: Improving colorectal cancer (CRC) screening rates for patients from socioeconomically disadvantaged backgrounds is a recognized public health priority. OBJECTIVE: Our aim was to determine if implementation of a system-wide screening intervention could reduce disparities in the setting of improved overall screening rates. DESIGN: This was an interrupted time series (ITS) analysis before and after a population management intervention. PARTICIPANTS: Patients eligible for CRC screening (age 52-75 years without prior total colectomy) in an 18-practice research network from 15 June 2009 to 15 June 2012 participated in the study.
INTERVENTION:
The Technology for Optimizing Population Care (TopCare) intervention electronically identified patients overdue for screening and facilitated contact by letter or telephone scheduler, with or without physician involvement. Patients identified by algorithm as high risk for non-completion entered into intensive patient navigation. MAIN MEASURES: Patients were dichotomized as≤high school diploma (≤ HS), an indicator of socioeconomic disadvantage, vs. >HS diploma (> HS). The monthly disparity between≤HS and>HS with regard to CRC screening completion was examined. KEY RESULTS: At baseline, 72 % of 47,447 eligible patients had completed screening, compared with 75 % of 51,442 eligible patients at the end of follow-up (p<0.001). CRC screening completion was lower in≤HS vs. >HS patients in June 2009 (65.7 % vs. 74.5 %, p<0.001) and remained lower in June 2012 (69.4 % vs. 76.7 %, p<0.001). In the ITS analysis, which accounts for secular trends, TopCare was associated with a significant decrease in the CRC screening disparity (0.7 %, p<0.001). The effect of TopCare represents approximately 99 additional≤HS patients screened above prevailing trends, or 26 life-years gained had these patients remained unscreened.
CONCLUSIONS:
A multifaceted population management intervention sensitive to the needs of vulnerable patients modestly narrowed disparities in CRC screening, while also increasing overall screening rates. Embedding interventions for vulnerable patients within larger population management systems represents an effective approach to increasing overall quality of care while also decreasing disparities.
C olorectal cancer (CRC), the third leading cause of cancer mortality for women and men in the United States, 1,2 can be effectively prevented through several screening strategies. 3 Though colorectal cancer screening rates have improved over the past decade, screening in most healthcare systems remains suboptimal. 4 In 2010, approximately 65 % of eligible patients reported being up to date on screening, 5 and it is estimated that almost 19,000 lives per year could be saved if population CRC screening goals were obtained. 6 This is particularly true for socioeconomically disadvantaged patients, who are less likely to be screened and more likely to die from CRC. 4, [7] [8] [9] As a result, improving CRC screening for patients with low educational attainment, an indicator of low socioeconomic status, has been identified as a public health priority. 4, 5 Previous studies have demonstrated that several approaches for increasing overall CRC screening and reducing disparities in CRC screening are possible, such as mailed interventions, telephone outreach, and patient navigation. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] However, it is unclear whether a pragmatic intervention targeting screening in large healthcare delivery systems with diverse practice types can simultaneously achieve these twin aims of quality and equity improvement. Programs targeting population-level screening rates may actually increase disparities if they are more successful in well-off groups, 13 while interventions meant to improve equity may not increase overall screening rates. 22 We conducted a pragmatic, multifaceted intervention in a large, urban, academic primary care network to improve overall cancer screening rates; the intervention included efforts to target individuals at increased risk for not completing screening. 23 In this current analysis, we examined whether this targeted approach was able to reduce disparities while overall CRC screening increased.
METHODS

Study Design
Technology for Optimizing Patient Care (TopCare) was a visit-independent population health management intervention developed to increase preventive cancer screening in a primary care practice network. We conducted an interrupted time series analysis to determine whether change in colorectal cancer screening completion rate related to this intervention improved disparities related to level of educational attainment. Because TopCare was implemented system-wide in a randomized study comparing two versions of the intervention, there was no contemporaneous control group for comparisons. Interrupted time series (ITS) is a quasi-experimental study design that allows one to determine whether there has been a change in both level and trend for an outcome after an intervention. [24] [25] [26] Unlike pre/post designs, ITS analysis allows one to model changes in the outcome prior to the intervention, and thus account for 'secular trends' that can otherwise confound assessment of the effectiveness. 25 
Setting and Participants
This study was conducted in 18 primary care practice sites, including four community health centers, within a practicebased research network in and around Boston, MA that shares a common health information technology (IT) infrastructure. A previously validated automated algorithm was used to identify potential study participants who had at least one visit to any clinic in the primary care network in the 3 years preceding the study period, or during the study period itself. 27 All such patients were included if they were 52 to 75 years of age, 3 and did not have evidence of prior total colectomy in their electronic health data. The dates of the study period were 2 years prior to the TopCare intervention study (15 
Intervention
The TopCare intervention consisted of both a health IT platform 28 and a population management workforce (Clinical Trials #NCT01372527). It has been described in greater detail elsewhere, 23 but in brief, consisted of two main elements: 1) electronic identification of eligible patients overdue for screening, and 2) workflow to contact them and track test completion. Contact of patients could take several forms. For most patients, an initial reminder letter (in English or Spanish based on patient's preferred language) was mailed, which contained low-literacy-appropriate educational materials regarding CRC screening and contact information to facilitate scheduling a screening test with a Bpractice delegate.^At the time the letter was mailed, the patient was placed on the electronic list of a practice delegate, who monitored whether the overdue patient had completed screening. Delegates could receive calls from patients and/or conduct telephone outreach to help patients with scheduling. If a patient was identified as high-risk for screening non-completion (based on an electronic algorithm using the number of overdue tests, clinic 'no-shows,' primary language other than English, and age) and remained incomplete on the delegate's list after 4 months, the patient was referred to a patient navigator. The patient navigator delivered intensified outreach in English, Spanish, or Portuguese, and utilized other interpreter resources to assist patients speaking one of 18 other languages. This intensified outreach could include individualized counseling and education, teamwork to overcome barriers to screening, arranging transportation, and accompaniment to screening visits. Patients designated by their primary care provider as likely to benefit from enhanced contact could be referred directly to the patient navigator without waiting for the intervening period.
Outcome Measures
Patient characteristics, including educational attainment, were abstracted from an electronic health data repository. 29 For this study, in accord with the national health disparities report, 4 we dichotomized educational attainment as≤high school diploma, indicating low educational attainment, or>high school diploma, indicating high educational attainment. The primary outcome for this study was the systemlevel difference in CRC screening completion rate by educational attainment.
For each 1-month observation period, we first established the population of patients eligible for CRC screening. This consisted of all patients associated with the network who were eligible based on age and did not meet exclusion criteria. Eligible patients were then considered to have completed screening if there was an electronic report or billing record of the patient having undergone colonoscopy in the past 10 years, or sigmoidoscopy, barium enema, orcomputed tomography (CT) colonography in the past 5 years. During the study period, fecal immunochemical testing (FIT) was not used by any practice. Patients who declined other methods of CRC screening could be screened by home fecal occult blood testing (FOBT). However, because optical screening was the network's preferred approach and documentation of FOBT results in the electronic health record was poor, home FOBT was not included in the outcome assessment. The system level disparity in CRC completion was calculated as the difference in the percentage of screened patients among patients eligible, for those with low vs. high educational attainment. To account for changes in patient age, screening eligibility, and network association, we used an open cohort design. Therefore, individual patients contributed data for the calculation of screening completion rates during time periods they were associated with the network and eligible for screening.
Statistical Analysis
The main TopCare clinical trial tested two different versions of the TopCare system, one that involved the primary care provider (PCP) to facilitate targeted screening outreach, and one that was fully automated, without provider review. Because our intent for this analysis was to evaluate changes in CRC screening disparities by educational attainment after the implementation of TopCare, rather than to compare two different methods of patient contact, and because the effectiveness of both versions of TopCare was similar, 23 we combined both arms of the trial for this analysis.
Patient characteristics at the start of the TopCare intervention between low and high educational attainment patients were compared using chi-squared and t tests. We compared the screening completion rate between June 2009 and June 2012 using logistic regression models with generalized estimating equations (GEEs) to account for repeated observations within patients.
For the ITS analysis, we compared the CRC screening disparity by educational attainment present in the network on the 15th day of each month at 24 points before, and 10 points after, the implementation of TopCare. Because the intervention started 15 June 2011, we considered 15 June 2009 to 14 June 2011 to represent the 'before TopCare' period. We considered the assessments from 15 September 2011 to 15 June 2012 to represent the 'after TopCare' period, with the remaining time comprising the 'transition' period. The transition period 25, 26 accounts for an inevitable delay between the start of an intervention and the time a patient could first complete screening due to the intervention, such as time to receive a reminder letter, and then schedule and attend a colonoscopy.
To ensure that the length of the transition period we specified did not affect the conclusions of the analysis, we conducted sensitivity analyses that varied the length of the transition period from 1 to 3 months. At each observation point, there were approximately 14,000 low educational attainment, and 35,000 high educational attainment patients eligible for CRC screening. We tested for differences in the intercept, the overall screening disparity, and the slope, the rate of change in the screening disparity, by testing whether the intercept and slope terms from ordinary least squares regression lines fit for data obtained during the 'after TopCare' period had changed from the terms estimated using data obtained from the 'before TopCare' period. In order to account for autocorrelation, we conducted the analysis using PROC AUTOREG in SAS version 9.3 (Cary, NC). Because one community health center (CHC) practice, the Chelsea HealthCare Center, already had a robust CRC screening program that pioneered the use of patient navigation for cancer screening in our system, 15, 16 which was then expanded to the other practices in the TopCare intervention, we conducted stratified analyses where we separately examined this CHC and all other practices. Other than this CHC, no practices had any elements of the TopCare program prior to its implementation, and no other programs to improve CRC screening were implemented in our system contemporaneous with TopCare. In addition to the system-level ITS analysis, we also conducted several patient-level descriptive and exploratory analyses using chi-squared and t-tests. When analyzing patient-level data over time, we used logistic regression with generalized estimating equations (PROC GENMOD) to account for repeated observations within patients.
RESULTS
At the start of the TopCare intervention (June 2011), there were 49,733 patients in the practice network eligible for CRC screening, of whom 56 % were women and the mean age was 62 years (Table 1) . Compared with high educational attainment patients, low education attainment patients were more likely to self-identify as a racial/ethnic minority, have Medicaid insurance, and have a primary language other than English.
Measured results revealed significant changes in CRC screening disparities during the time period. On 15 June 2009, 34,140 of 47,447 (72.0 %) eligible patients had completed CRC screening. Patients with low, compared with high, educational attainment had lower CRC screening completion rates (65.7 % vs. 74.5 %, p<0.001). On 15 June 2012, 38,402 of 51,442 (74.7 %) eligible patients had completed CRC screening, with lower rates among those with low, compared with high, educational attainment (69.4 % vs. 76.7 %, p<0.001). Comparing these two time points with repeated measures GEE models, there was a significant increase in CRC screening completion overall (2.7 % increase, p<0.001) and for both low (3.7 % increase, p<0.001), and high (2.2 % increase, p<0.001) educational attainment patients.
In estimates derived from the ITS analyses ( Fig. 1 and Table 2 ), CRC disparities by educational attainment declined prior to TopCare (0.04 % decrease per month, p=0.002) ( Table 2 ). Even accounting for this, the TopCare intervention reduced the CRC screening disparity (0.68 % decrease, p< 0.001), with no change in the improving trend postTopCare (trend change 0.001 %, p=0.48). In absolute terms, narrowing the screening disparity for 14,693 patients with low educational attainment represents approximately 99 low educational attainment patients screened in addition to the main effect of the intervention on screening, or a change that would have taken 17 months to occur without TopCare. Because Fig. 1 gave the visual appearance of having two distinct periods prior to TopCare, a relatively constant initial 12-month period followed by a down-trending period, we conducted a sensitivity analysis to determine if analyzing these as distinct periods, rather than combining them, would affect the estimate of TopCare's effect. The results of this sensitivity analysis are similar to the main analysis (0.74 % decrease due to TopCare, p=0.002). Additionally, sensitivity analyses that varied the time of the 'transition' period yielded similar results to the main analysis (data available upon request).
In analyses (Table 2 and Fig. 2 ) examining the practices (all but one in the network) that did not have a CRC screening program prior to TopCare, there was no evidence of improvement in CRC screening disparities by educational attainment prior to TopCare (0.01 % improvement/month, p=0.20), but the introduction of TopCare significantly reduced disparities (0.69 % improvement, p<0.001). In the one CHC with a CRC screening program prior to TopCare, there was significant improvement over the entire study period (0.18 % improvement/month, p<0.001), with elimination of the disparity by the end of the study period (CRC screening completion 71.5 % in low educational attainment group vs. 71.8 % in high educational attainment, p=0.83). The introduction of TopCare, which contained many elements already present in one CHC's program, was not associated with a significant reduction in CRC screening disparities by educational attainment at that CHC (0.16 % change, p=0.74).
DISCUSSION
In this pragmatic intervention to improve preventive cancer screening within a primary care practice network, disparities in colorectal cancer screening by educational attainment modestly decreased, while overall screening completion in the population increased. Over the study period, CRC screening increased in both high and low educational attainment groups, with moderately more screening in the low educational attainment group attributable to the TopCare intervention. To put this improvement in perspective, bringing the additional low educational attainment patients screened using TopCare into an every-10-year-with-colonoscopy-from-age-50-to-75 screening strategy represents approximately 26 life-years gained, compared with those patients not being screened, based on the Simulation Model of Colorectal Cancer (SimCRC). 3 While there was an overall trend towards improvement in CRC screening disparities by educational attainment prior to TopCare, the stratified analyses demonstrate that this was related to CRC screening efforts at one community health center. Practices that had no concerted efforts to improve CRC screening beyond standard visit-based reminders did not show significant improvement prior to TopCare. While the absolute reduction in disparities is small, given that national CRC screening disparities actually increased from 2000 to 2010 in vulnerable patients, 30 and the potential for interventions to increase disparities (even while increasing overall screening), 13 we believe the reduction in disparities in this study may be important from a population health perspective, especially in the setting of overall screening improvement.
This study is consistent with and expands previous literature. Prior studies have shown that clinical interventions can improve overall CRC screening, 10, 13, 17, 31 and be effective in vulnerable populations. 11, 12, 14, 15, 18, 20, 21, 32 A recent study from our research group showed that culturally tailored patient navigation for CRC screening in a community health center eliminated disparities in CRC screening in Latinos and nonEnglish speakers in the health center, but paradoxically created a disparity in vulnerable patients receiving care in other practices within the primary care network. 16 In the current study, by integrating both health IT and a system-wide population management workforce, we demonstrated that it is possible to improve both quality and equity at the same time in a large healthcare delivery system. We believe that this is important, because overall, it is not yet known whether population health management approaches will increase, decrease, or not affect disparities in care. As population health management strategies increasingly become part of routine care, being able to address disparities in this way may help move disparity measurement from a number calculated largely for research purposes to an important indicator of overall system functioning that can be targeted for operations improvement. Part of this intervention's success may lie in the ability to target interventions more efficiently-utilizing 'low touch' techniques for the majority of patients, while directing 'high-touch,' resource-intensive components to those most likely to benefit. The use of health IT to accomplish this targeting allowed for expansion of the highly effective patient navigation from a single clinic to a system-wide program.
This study has several implications for healthcare delivery and population management. Quality improvement interventions often include multiple components targeting several different aspects of care. This provides an opportunity to address both quality and equity in the same intervention. Strategies such as using educational materials appropriate for patients with low literacy, recognizing heterogeneity in socioeconomic circumstances and barriers to care, and allowing for more intensive patient education and counseling in participants at high-risk for poor outcomes are broadly applicable to population management programs. By consciously pursuing both a quality and equity agenda during intervention design, the false choice between improving quality without attention to improving equity can be avoided. 33 While the proportion of low educational attainment patients was higher at the one community health center with an existing navigator program (as well as at other network community health centers) than the rest of the practices in the network, the majority of low educational attainment patients in the network received care at practices other than the health centers. In this model, an academic community health center served as a 'lab' to produce an intervention for equity improvement that was then deployed in other practices. Using community health centers to 'incubate' programs for practices with fewer vulnerable patients and less incentive to design equity improvement interventions may be a broadly applicable approach to reducing disparities in diverse healthcare systems, and shows that including community health centers in academic healthcare delivery systems can advance the research mission alongside the educational and clinical missions.
The results of this study should be interpreted in the context of several limitations. Because TopCare was implemented as a new standard of care throughout the healthcare system, there was no contemporaneous control group. However, by using the ITS design, we can have confidence that 'secular trends' were not solely responsible for the improvement in CRC screening disparities we observed. Next, the TopCare system was studied in a single healthcare delivery network with an advanced IT infrastructure. However, the network does include a diversity of practice types, including urban and suburban clinics, teaching and non-teaching practices, as well as community health centers and private practices. Additionally, while FOBT testing was offered as a screening option, we were unable to count as complete patients screened in this way. Because patients with low educational attainment may preferentially choose home FOBT screening over colonoscopy, 34 we may have underestimated the reduction in CRC screening disparities attributable to TopCare by not counting the FOBT testing that was done. Additionally, by de-emphasizing what may have been a preferred strategy in this group, it may have served as a barrier to further reductions. 19 Finally, Massachusetts has a very high rate of CRC screening. While the national average CRC screening rate for all patients was 65 % in 2010, 5 at the beginning of this study, in 2009, CRC screening rates in our system were already 72 % overall and 66 % for low educational attainment patients. Thus, there may have been a 'ceiling' effect with regard to increasing CRC screening. The application of a TopCare-like approach in systems with lower initial rates of CRC screening has the potential to provide even greater benefits than observed here.
These limitations are balanced by several strengths. Since virtually all included patients had coverage for CRC screening, including colonoscopy, issues of access are less of a concern, providing a 'cleaner' test of the intervention itself. Also, the use of a validated 'linkage' algorithm to identify patients with ongoing care within our network increases confidence that patients were not receiving CRC screening in outof-network settings, 27 and the quasi-experimental design overcomes limitations of patient selection and generalizability noted in previous studies. 13, 25 While educational disparities in CRC screening were reduced by the TopCare intervention, they were not eliminated. Further, while the overall disparity was reduced, the lack of improvement in the rate of change in the disparity speaks to the limits of the current intervention. To accelerate resolution of screening disparities, elements of the program that are particularly effective for disparity reduction may need to be expanded, or additional elements may need to be added. The analytic methods we used do not permit determination of which TopCare elements were most effective. However, visual inspection of the data does suggest decreases in disparities relatively soon after implementation, before many patients would have received navigation. Given prior work suggesting vulnerable patients may be less likely to have had a recommendation for screening, 35, 36 and the success of mailings in other studies, 10, 13, 17, 31, 37 it may have been that there were differentially larger numbers of lower education patients who had had little prompting regarding screening prior to TopCare. We do know, however, that patient navigation is very effective for the patients navigated. 16 This intervention focused on the healthcare delivery system, and so we have little data on patient reasons for non-completion, which may include less education regarding the importance and benefits of screening, barriers to screening such as transportation, obtaining time off of work, and lost wages, and differences in psychological factors such as time-orientation. 32, 38, 39 To make greater improvements in equity than were achieved with this intervention, future research may need to identify patients with these barriers, and target interventions to overcome them. Inclusion of education or other socioeconomic data in identification algorithms may be particularly useful. 20 To be able to eliminate disparities in cancer prevention, the programs implemented should be sustainable, continuous, and incorporated as a part of usual care. 16 In conclusion, a multifaceted intervention that combined health IT and a population management workforce successfully reduced CRC screening disparities by educational attainment in the setting of improved overall screening. Those designing quality improvement interventions may wish to consider building in components focused on decreasing disparities and measure their intervention's impact on both care quality and equity.
